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The zonal approach i s c l o s e r t o immediate a p p l i c a t i o n b u t f i e l d models should, i n t h e long term g i v e more g e n e r a l and d e t a i l e d predict i o n s . It i s now p o s s i b l e w i t h zone models t o make p r e d i c t i o n s of t h e
outcome of a f i r e i n a s i n g l e compartment given i n f o r m a t i o n about t h e geometry of t h e room, p r o p e r t i e s of t h e w a l l material, t h e n a t u r e and s i z e of t h e i g n i t i o n source, t h e f u e l a r r a y and i t s burning c h a r a c t e ri s t i c s , etc. References [ 4 ] and [S] g i v e examples of t h e kinds of i n p u t r e q u i r e d and an assessment of how w e l l t h e s e models reproduce r e a l i t y .
One of t h e aims of t h i s e f f o r t w a s t o make t h e s e models modular i n form such t h a t each p o r t i o n which d e s c r i b e s a d i s t i n c t p h y s i c a l phenomenon, e . g . , flame r a d i a t i o n o r t u r b u l e n c e c h a r a c t e r i s t i c s , could e a s i l y be r e p l a c e d as new i n f o r m a t i o n becomes known. The models could then i n c o r p o r a t e t h e b e s t p h y s i c s and chemistry a v a i l a b l e a t t h e t i m e .
One of t h e p o r t i o n s o r submodels of t h e s e computer codes i n v o l v e s t h e entrainment of a i r i n t o t h e f i r e plume. Fresh a i r e n t e r s t h e lower p o r t i o n of t h e e n c l o s u r e opening, i s sucked o r e n t r a i n e d i n t o t h e f i r e ,
becomes v i t i a t e d as t h e combustion process t a k e s place, and i s d e l i v e r e d t o t h e upper p o r t i o n of t h e room above t h e thermal d i s c o n t i n u i t y ( h o r i -
z o n t a l l a y e r s e p a r a t i n g t h e c o o l f r e s h a i r from t h e h o t combustion p r o d u c t s ) .
door. The f i r e i s t h u s thought of as a pump. Its c h a r a c t e r i z a t i o n i s
coupled t o t h e h y d r o s t a t i c e q u a t i o n s d e s c r i b i n g t h e flow through t h e opening v i a t h e h e i g h t of t h e thermal d i s c o n t i n u i t y .

From t h e r e t h e products flow o u t t h e t o p p o r t i o n of t h e
T o d e s c r i b e f i r e c o r r e c t l y a n a c c u r a t e knowledge of t h e a i r and g a s flow through t h e e n c l o s u r e i s c r i t i c a l .
doorway flow h a s a l r e a d y been demonstrated t o be q u i t e adequate [ 6 ] .
The f i r e entrainment p o r t i o n however appears t o be c o n c e p t u a l l y weak s i n c e i t i n v o l v e s , f o r t h e most p a r t , f o r m u l a t i o n s based on p o i n t s o u r c e plume theory which should n o t be expected t o hold i n t h e a c c e l e r a t i n g r e g i o n n e a r t h e b a s e of t h e flames.
The h y d r o s t a t i c model f o r
The p r e s e n t work i s an a t t e m p t t o phenomenological e x p r e s s i o n w a s sought f o r t h e e n t r a i n e d m a s s flow r a t e as a f u n c t i o n of t h e f i r e s i z e and t h e h e i g h t above t h e T h i s w a s accomplished u s i n g t h e r e s u l t s of two separate burning s u r f a c e .
measurement t e c h n i q u e s . D i f f e r e n c e s found i n t h e two measurements w e r e r e c o n c i l e d by t h e u s e of an a d d i t i o n a l independent o b s e r v a t i o n , namely, a measure of t h e r a d i a t i v e f r a c t i o n of t h e s e flames. The r e s u l t s are a p p l i c a b l e t o a f i r e i n t h e open, which i s one t h a t i s n o t impeded o r o t h e r w i s e i n f l u e n c e d by any e f f e c t s due t o t h e presence of a n e n c l o s u r e . The e f f e c t s of t h e e n c l o s u r e on t h e s e r e s u l t s must s t i l l b e considered. Equation ( 4 ) states that the mass flow rate is equal to the ambient 2 density times the centerline velocity times a representative area, ITCT V' modified by r (< 1) which accounts f o r density decrease due to the fact xthat the gases are hotter than the ambient. naturally occurring thermal and ionization fluctuations [l] , and an impact pressure probelsensitive manometer combined with a thermocouple for density determination [ Z ] .
The same porous refractory gas burner techniques are contained in references [l] and [ Z ] .
Natural gas was employed as the fuel and the flow of A t s c a l e d z h i g h e r t h a n t h i s v a l u e , t h e c e n t e r l i n e T a b l e I c o n t a i n s t h e experimental c e n t e r l i n e and r a d i a l flame parameters r e q u i r e d by eq. ( 4 ) as determined by t h e two techniques.
It i s q u i t e e v i d e n t from t a b l e I t h a t problems of comparison or
s i g n i f i c a n t d i f f e r e n c e s are going t o l i e i n t h e t r a n s v e r s e o r r a d i a l
measurement. Axial v e l o c i t i e s are w i t h i n 4% of each o t h e r and temperat u r e rise measurements f a l l w i t h i n 10%. Note t h a t 10% i s n o t a c r i t i c a l
amount s i n c e c e n t e r l i n e temperature e n t e r s eq. ( 4 ) o n l y through T h o For p r e s e n t purposes t h e c e n t e r l i n e measurements are v i r t u a l l y t h e same.
However, s i g n i f i c a n t d i f f e r e n c e s do e x i s t i n t h e r a d i a l measurement and t h e mass flow r a t e i s a f u n c t i o n of CI t o t h e second power t h u s amplif y i n g d i f f e r e n c e s i n t h a t measurement. are a l e a s t -s q u a r e s f i t of c o n s i d e r a b l y s c a t t e r e d d a t a . and may b e p u r e l y s p e c u l a t i v e t o t r y t o a c c u r a t e l y assess t h e experimental e r r o r s i n t h e two techniques f o r t h o s e r a d i a l measurements. Near
t h e c e n t e r l i n e v e l o c i t i e s have a somewhat p r e f e r r e d d i r e c t i o n . However, as one moves away from t h e c e n t e r l i n e , i n t h e "wings," v e r t i c a l compon e n t s of v e l o c i t y are approaching zero, and temperatures are approaching ambient.
magnitude as t h e v e r t i c a l components due t o mixing r e s u l t i n g from t h e l a r g e scale, coherent eddy motion c h a r a c t e r i s t i c of t h e s e systems. Any i n a c c u r a c i e s due t o i n h e r e n t wavering o r meandering of t h e f i r e would a l s o b e p r e s e n t i n b o t h measurements. 
V Note t h a t ov and X i n t h e t a b l e It i s d i f f i c u l t H o r i z o n t a l components of v e l o c i t y a r e t h e same o r d e r of The most l i k e l y experimental e r r o r common t o b o t h techniques r e s u l t s from t h e assumption t h a t t h e v e l o c i t y measured i s only t h a t of t h e v e r t i c a l component. I n f l o w s w i t h s t r o n g r e c i r c u l a t i o n t h e yaw i n s e n s i t i v i t y of t h e p r e s s u r e probe and t h e p o s s i b i l i t y of broad f r o n t s of i n f o r m a t i o n h i g h l y c o r r e l a t e d a t r i g h t a n g l e s t o t h e i r d i r e c t i o n of
n t s , p a s s i n g t h e s e n s o r s a t a n o b l i q u e a n g l e t o t h e v e r t i c a l would produce o v e r e s t i m a t e s of v e l o c i t y . This e f f e c t i s l i k e l y t o b e g r e a t e s t i n t h e wings. It i s clear t h a t although t h e two tech-
n i q u e s d i f f e r i n t h e i r measurements of plume spread they b o t h tend t o g i v e a n o v e r e s t i m a t e of t o t a l h e a t f l u x based on mean flux balance.
Terai and N i t t a a l s o r e p o r t e d similar d i f f i c u l t i e s [ 8 ] . What i s needed i s an a d d i t i o n a l method of o b t a i n i n g t h e r a d i a l information which would complement t h e above r e s u l t s and n o t b e s u b j e c t t o t h e same inacc u r a c i e s of t h o s e measurements. One such i d e a i n v o l v e s t h e convective h e a t f l u x of t h e f i r e and u t i l i z e s an a d d i t i o n a l measurement of t h e t o t a l r a d i a t i v e power o u t p u t of t h e f i r e .
. R a d i a t i v e Power Output Assuming complete combustion, t h e v a l u e of t h e convective h e a t f l u x a t t h e intermittent-plume i n t e r s e c t i o n w i l l b e e q u a l t o t h e energy s u p p l i e d t o t h e b u r n e r , Q, minus what i s r a d i a t e d away over t h e combust i o n r e g i o n from t h e b a s e of t h e burner up t o t h e v i s i b l e flame t i p o r intermittent-plume i n t e r s e c t i o n . I f t h i s r a d i a t i v e f r a c t i o n i s known
from a n a d d i t i o n a l independent measurement, t h e n eq. 
L e t u s d e f i n e x, t h e r a d i a t i v e f r a c t i o n , as t h e t o t a l r a d i a t i v e power o u t p u t of t h e f i r e d i v i d e d by t h e t o t a l h e a t release rate, Q.
(
S u b s t i t u t i n g t h i s e x p r e s s i o n i n t o eq. (5) and e v a l u a t i n g a l l t h e q u a n t i t i e s i n t h e plume r e g i o n y i e l d s t h e r a d i a l width a t t h e flame t i p : a l l e v a l u a t e d a t z ' = z / Q "~ = 0.2 m*kW-2/5 from t a b l e I and f i g u r e 1.
It
r e n t burning rates p e r u n i t area and d i f f e r e n t x a f u e l i n t h i s case was simulated by v a r y i n g gas flow rates, Q , t o t h e b u r n e r a
For t h e moderate-sized o r developing f i r e buoyancy i s
The e f f e c t of
The r a d i a t i v e f r a c t i o n of t h e p r e s e n t flame system has been r e c e n t l y measured i n a manner similar t o t h a t recommended by Modak [11]a F i g u r e 2 shows t h e r a d i a t i v e f r a c t i o n , x, as a f u n c t i o n of t h e h e a t release r a t e [12] f o r t h i s burner. The asymptotic behavior of c o n s t a n t x can be s e e n a t t h e h i g h e r flow rates. The curve d e s i g n a t e d HNG f o r " h i s t o r i c " n a t u r a l gas w i l l b e used i n subsequent c a l c u l a t i o n s . T h i s g a s most c l o s e l y resembles t h e g a s used f o r t h e measurements i n d e t e rmining t h e g r o s s f e a t u r e s of t h e s e flames. Using n a t u r a l gas f o r t h e s e systems Zukoski [13] f i n d s x t o be about 25% based on a method of c o l l e c t i n g t h e exhaust gases i n a hood. 
Although from f i g u r e 2 t h e dependence of t h e r a d i a t i v e f r a c t i o n upon t o t a l h e a t releaq* appears s i g n i f i c a n t , t h e s q u a r e r o o t dependence of x i n eq. (8) t e n t -L~ diminish t h i
t i n g purposes provided i t i s n o t e x t r a p o l a t e d t o f i r e s w i t h r a t i o s of flame h e i g h t t o f i r e b a s e diameter s m a l l , i . e . , L/D + 0.
Note t h e g e n e r a l i t y of eq. (8) f o r o t h e r f u e l s w i t h very d i f f e r e n t r a d i a t i v e c h a r a c t e r i s t i c s must y e t b e demonstrated. The (1 -x ) eq. ( 8 ) w i l l b e r e p l a c e d by ( e -x ) l l 2 f o r systems w i t h combustion
1 1 2 in e f f i c i e n c i e s , e, s i g n f i c a n t l y less than 1. Using t h e asymptotic scaling., w i l l s i m p l i f y t h e problem a g r e a t d e a l s i n c e Q w i l l become a n a t u r a l
s c a l i n g parameter f o r m(z), H ( z ) , e t c . ( s e e r e f e r e n c e [l]) t o g e t h e r w i t h z/Q2l5 f o r s c a l e d h e i g h t . Note t h a t a d e f i n e d i n (11) i s 6 a e / 5 where a i s t h e normal entrainment c o e f f i c i e n t from plume theory. e
. 3
Non-Dissipative Plume S u b s t i t u t i n g eq. (11) i n t o eq. (8) w i l l y i e l d a n e x p r e s s i o n c o n t a i n i n g t h r e e unknowns:
f o r which t h e experimental r e s u l t s are i n g r e a t e s t disagreement. It i s presumed t h a t t h e c e n t e r l i n e r e s u l t s A and B are known w e l l enough from t h e measurements as i s t h e r a d i a t i v e € r a c t i o n , x. o n l y t h a t t h e v a l u e of -i s 1 -x a t t h e flame t i p .
about t h e behavior i n t h e plume region.
a , 6, and A -t h e t h r e e r a d i a l parameters
Equation (8) states
It s a y s n o t h i n g . I f r a d i a t i o n from t h e b u r n t
H Q g a s e s i n t h e plume i s n e g l i g i b l e compared w i t h t h e r a d i a t i o n from t h e flame t h e n H/Q w i l l remain a t t h e v a l u e determined a t t h e flame t i p . R a d i a t i v e c a l c u l a t i o n s based on e s t i m a t e d CO and H20 c o n c e n t r a t i o n s (and no s o o t ) i n t h e plume indeed s u b s t a n t i a t e t h i s assumption. t h e r e are no o t h e r s i g n i f i c a n t d i s s i p a t i v e mechanisms i n t h e plume, H/Q, f o r p r a c t i c a l purposes, remains c o n s t a n t t h e r e and one can o b t a i n an a d d i t i o n a l r e l a t i o n among t h e v a r i a b l e s .
That r e l a t i o n i s -dH dz = 0 i n t h e plume.
number as w i l l t h e combustion e f f i c i e n c y change as noted p r e v i o u s l y .
S i n c e For s o o t y flames zero w i l l be replaced by a small n e g a t i v e Taking t h e d e r i v a t i v e of eq. ( 5 ) i n t h e plume r e g i o n and s e t t i n g i t e q u a l t o zero y i e l d s a r e l a t i o n f o r B/a i n terms of A :
f3 -= z ' c1 2 IC + A x 2 ~~1 5 -A where K = (1 -rA)/[(AT/To + 1 ) -l -FA] A
12
Note f o r t h e t h r e e I ' f u n c t i o n s ( i g n o r i n g X = m) i n f i g u r e 1 i t
A can b e shown t h a t -z -= 3
A T / T~ 1 + 1 ) . x2 
. R e s u l t s F i g u r e shows t h e r e s u l t of p l o t t i n g eqs. (13) and ( 1 4 ) as a f u n c t i o n of A . The d a t a p o i n t s are t h e r e s u l t s of t h e experiments.
Also shown are r e s u l t s from t h e l i t e r a t u r e i n non-combusting plumes.
Note t h e l i t e r a t u r e r e s u l t s w i t h f3 = 0 a r e f o r experiments w i t h p o i n t h e a t s o u r c e s o r , t h e measurements were made s o f a r from t h e s o u r c e t h a t t h e e f f e c t of t h e s o u r c e s i z e i s l o s t . From f i g u r e 3 i t would seem
t h a t t h e preponderance of evidence p o i n t s t o a X < 1 c o n t r a r y t o t h e c l a s s i c a l r e s u l t of A = 1.16. 
Note t h e a/M p o r t i o n of f i g u r e 3 could have been d e r i v e d from p o i n t s o u r c e plume t h e o r y r e s u l t s , eqs. (9) and (10). L e t t i n g
t t i n g -+ 1 t h e r e q u i s i t e r e l a t i o n between a and A i s obtained. However, t h i s a n a l y s i s w i l l y i e l d no information about t h e a l l important i n t e r c e p t , 6.
and ' i T are t h e dimensionless, c e n t e r l i n e experimental r e s u l t s i n H
Q
For t h e p r e s e n t measurements t h e s l o p e s (a) appear t o behave l i k e t h e c a l c u l a t e d r e s u l t exceedingly w e l l . The i n t e r c e p t s (p), on t h e o t h e r hand, are t o o wide by a f a c t o r of two! I n f a c t , t h e c a l c u l a t e d 6
h a r d l y v a r i e s w i t h A a t a l l i n d i c a t i n g t h a t f o r a h e a t b a l a n c e and a 2/5)1/6, a c o n s t a n t . The z e r o n o n -d i s s i p a t i v e plume --. 55(m-kWi n t e r c e p t o r t r a n s v e r s e e x t e n t a t t h e burner s u r f a c e appears t o c o n t r o l t h e phenomena.
c o r r e c t t h e n b o t h t h e c r o s s c o r r e l a t i o n and p r e s s u r e probe measurements are following some p a r t i c u l a r f e a t u r e of t h e flame s i n c e t h e measured s l o p e s f o l l o w t h e c a l c u l a t i o n . That f e a t u r e i s obviously n o t t h e l / e p o i n t of t h e v e l o c i t y p r o f i l e , s i n c e t h a t would r e q u i r e t h e measured
and a n a l y t i c a l 6 t o b e t h e same.
i
n t h e wings which i s t i m e averaged somehow t e n d s t o broaden t h e i n d ic a t e d p r o f i l e . However, t h e d i s t o r t i o n is conserved throughout t h e l e n g t h of t h e flame s i n c e t h e s l o p e s appear t o b e c o r r e c t .
t h e reason, f i g u r e 3 can be used as a framework f o r choosing reasonable
Ei
M
I f a l l t h e assumptions made i n t h e above a n a l y s i s are
Perhaps t h e l a r g e scale eddy motion Whatever
r a d i a l parameters c o n s i s t e n t w i t h t h e experimental r e s u l t s . doing t h a t i t might b e i n s t r u c t i v e t o look a t a graph of t h e a c t u a l d a t a from t a b l e I.
Before F i g u r e 4 shows t h e thermal p r o f i l e , o , / Q~'~ f o r b o t h sets of flame and i n t e r m i t t e n t d a t a p l o t t e d a g a i n s t h e i g h t along w i t h a l e a s t -s q u a r e s f i t . Within t h e scatter no s i g n i f i c a n t d i f f e r e n c e e x i s t s between t h e two measurements which i s n o t s u r p r i s i n g s i n c e thermocouples, a l b e i t of d i f f e r e n t s i z e s , were used f o r both d a t a sets.
are
a r e p r e s e n t e d i n t h e form of eq. ( 1 1 ) ) .
measuring t e c h n i q u e s (and i n X s e e n i n t a b l e I) are now c l e a r l y e v i d e n t .
Also shown on f i g u r e 4
The d i f f e r e n c e s i n t h e two T h e , c o n s t r a i n t s of f i g u r e 3 as a f u n c t i o n of X can be sketched onto f i g u r e 4 f o r comparison.
f i g u r e 1 a t z' = 0.2.
A t z' = 0 one c r o s s i s shown s i n c e B i s essent i a l l y c o n s t a n t , independent of X. Note t h e c o n s t r a i n t s a t t h e flame t i p can be d e r i v e d d i r e c t l y from t h e energy c o n s i d e r a t i o n a l o n e , L e . , eq. (8) --+ 1 -x. Wheieas, i n o r d e r t o o b t a i n t h e c o n s t r a i n t s a t t h e
Q i n t e r c e p t , eq. ( 1 2 ) , i.e., -+ 0 i n t h e plume, must be i n c o r p o r a t e d i n t o t h e a n a l y s i s .
They are shown by c r o s s e s f o r t h e t h r e e X of H dH d z To c o n t i n u e t h e a n a l y s i s i t now becomes a matter of choosing a X c o n s i s t e n t w i t h t h e measurements and eqs. (8) and ( 1 2 ) . S i n c e both measured a ' s seen on f i g u r e 3 appear t o be c o n s i s t e n t w i t h t h e energy c o n s t r a i n t ( l i n e ) t a k i n g t h e mean of t h e measured X seems reasonable. That w i l l r e s u l t i n X = 0.77 o r 1 / 1 . 3 which i s v e r y c l o s e t o t h e r e c e n t measurements of Nakagome and H i r a t a [15] f o r a p u r e l y thermal plume.
Note t h e d i f f e r e n c e between t h e mean and e i t h e r measured A w i l l produce a change i n s l o p e of t h e CT curves of f i g u r e 4 which i s small compared w i t h t h e s h i f t s produced by t h e energy c o n s t r a i n t s r e f l e c t e d i n B .
That new p o s i t i o n w i l l b e a l i n e connecting t h e c r o s s marks a t z ' = 0 and z ' = 0.2. probe i n s t r u m e n t a t i o n systems are responding c o n s i s t e n t l y b u t t o d i ff e r e n t f e a t u r e s o f t h e l a r g e s c a l e eddy motion i n t h e wings of t h e V It can b e assumed t h a t t h e c r o s s -c o r r e l a t i o n and p r e s s u r e flame. Note the time-averaged temperature results will be shifted a similar amount reflecting the same distortion seen by the other instruments.
Choosing A = 1/1.3 will result in the following (from lines on figure 3 ) with x = 0.26:
Using the asymptotic scaling for 0 eq. (4) .2) up to the end of the combustion region. This number is about 30% higher than the equivalence ratio of 0.067 -+ 10% measured by Zukoski [13] using the hood collection technique (1/0.067 = 14.9).
In order to fit his combustion plume model to a large quantity of flame height data Steward [16] found that only 400% excess air was entrained 
) , t h o s e below t h e c r i t i c a l Froude No., flame h e i g h t s and t h e r a d i a t i v e f r a c t i o n become f u n c t i o n s of both h e a t release r a t e and b a s e diameter. H a s e m i [19] has r e c e n t l y proposed a c o n s t a n t eddy d i f f u s i v i t y model u t i l i z i n g t h e
Boussinesq approximation i n which t h e following scales, as a f u n c t i o n of h e a t release rate, Q, were derived: au ax where K i s t h e t u r b u l e n t t r a n s f e r c o e f f i c i e n t , U'V' = -K -and U'T' = -K -. H e shows t h a t f o r K = kQ3l5 where k i s c o n s t a n t , t h e ax model w i l l n o t only reproduce t h e experimentally determined scales 1 / 5 and 2/5, b u t a l s o , w i l l reproduce t h e d e t a i l e d behavior of t h e i n t e r m i tt e n t regime extremely w e l l . At t h e lower end of t h e i n t e r m i t t e n t regime n e a r the continuous flame r e g i o n where d e n s i t y d i f f e r e n c e s become l a r g e t h e a n a l y s i s , as expected, becomes weaker.
. .
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. Summary and Conclusion
Expressions f o r mass and c o n v e c t i v e energy f l u x of buoyant d i f f u s i o n flames from area s o u r c e s have been o b t a i n e d by an a n a l y s i s u s i n g e x i s t i n g mean c e n t e r l i n e v e l o c i t y and temperature r i s e d a t a from two d i f f e r e n t techniques. The method i s based on a h e a t b a l a n c e assuming n e g l i g i b l e t u r b u l e n t t r a n s p o r t and a n o n -d i s s i p a t i v e plume and u t i l i z e s a n independent e s t i m a t i o n of t o t a l r a d i a t i v e power o u t p u t .
B a s i c a l l y t h e width of t h e v e l o c i t y p r o f i l e i s f i x e d by t h e b a l a n c e of t o t a l h e a t release minus t h e r a d i a t i v e f r a c t i o n a t t h e flame t i p t o g e t h e r w i t h t h e assumption of n e g l i g i b l e r a d i a t i v e f l u x from t h e plume. On t h i s b a s i s t h e r e s u l t s i n d i c a t e t h a t b o t h experimental techn i q u e s f o r measuring v e l o c i t y o v e r e s t i m a t e t h e width of t h e f i r e plume by a c o n s i d e r a b l e amount, p o s s i b l y due t o e r r o r s r e s u l t i n g from t i m e a v e r a g i n g of t h e l a r g e -s c a l e coherent s t r u c t u r e i n t h e wings. Horiz o n t a l o r i n f l o w v e l o c i t y components cannot be d i s c r i m i n a t e d a g a i n s t by e i t h e r experimental technique and hence e r r o r s could r e s u l t when t h e s i g n a l o u t p u t i s assumed 20 b e simply t h e v e r t i c a l component.
Although t h e p r e s e n t r e s u l t s are c o n s i d e r a b l y h i g h e r t h a n p o i n t s o u r c e plume theory, f u r t h e r disagreements between measurements and plume t h e o r y c a l c u l a t i o n s noted i n t h e l i t e r a t u r e are p o s s i b l y due t o i n c r e a s e d entrainment brought upon by d i s t u r b a n c e s t o t h e f r e e burn behavior, f o r example, by t h e door j e t when t h e f i r e i s l o c a t e d i n an e n c l o s u r e . P r e l i m i n a r y estimates of t h i s e f f e c t are being pursued by Zukoski [ 1 3 ] .
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Appendix A. Turbulent T r a n s p o r t It i s i n s t r u c t i v e t o examine t h e assumption t h a t t h e t u r b u l e n t t r a n s p o r t of h e a t and mass can be ignored. I f p r e s s u r e f l u c t u a t i o n s n o t t h e t r u e mean d e n s i t y which i s p = -AT + To Only t h e f i r s t t e r m i n eq. (A-2) h a s been used t o assess t o t a l h e a t f l u x . I n s p e c t i o n of t h e " e x t r a t e r m s " i n t h e s e e x p r e s s i o n s shows t h a t 22 both over and underestimates are possible if the first term alone is used.
For small AT (y -t 0) the V'T' term dominates leading to an underestimate of total heat flux. The data of Kotsovinos and List [ 2 0 ] and of George --et al. [ 2 1 ] support this conclusion. George estimates that 85% of the vertical heat transport is carried by the mean flow.
However, for different temperature levels more complex phenomena may be taking place. The transverse distribution of these parameters was wider than for V and AT so that "top-hat" profiles could be assumed. 
